Abstract: Co-cyclisation of alkenes with alkenes or alkynes and zirconocene gives zirconacycles which are further elaborated by the consecutive insertion of allyl, propargyl, or allenyl metal carbenoids and electrophiles. Insertion of other carbenoids give the first zirconacyclohexanes with the potential for further elaboration.
agents gave cyclopentylamines6 (Scheme 1). The most useful is the insertion of trimethylsilyl cyanide (via its isocyanide isomer) to give primary amines. The transformations shown in Scheme 1 are a good illustration of efficient use of the transition metal -four new carbon-carbon bonds are formed from four components in a one pot reaction.
The extremely fast (rapid at -130°C for CO) insertion of carbon monoxide7 and isocyanides into carbon-zirconium bonds is due to their carbenic character. Reaction is initiated by donation of an electron pair to the 16 electron zirconium atom to form an unstable 18-electron complex and completed by rearrangement accompanied by return of the electrons. In an important paper Negishi described8 the insertion of various metal carbenoids into the carbon-metal bond of acyclic zirconocene chlorides which is conceptually similar. We have extended this chemistry to zirconacycles, and to a wide range of metal cvbenoids, particularly those which allow further elaboration by the addition of electrophiles.
Addition of lithium chloropropargylide to the zirconacycle 1 afforded the ring-expanded zirconium complex 3, presumably via formation of the zirconate complex 2 (Scheme 2)9. NMR studies on 3 suggest that it is best viewed as the cycloalkyne form 3a rather than the allene form 3b. Quenching with methanol afforded an allene in good overall yield. Allylzirconium reagents are known to undergo addition to a variety of carbonyl based electrophiles so a route to these offered potential for further elaboration. Reaction between the zirconacycle 1 and lithium chloroallylide, generated in-situ by deprotonation of ally1 chloride, gave the allylzirconium complex 5. Variation of the metal carbenoid was instructive. To form the 'ate' complex 4 the anion needs to be reactive, and for the 1,2-metallate rearrangementlo which gives 5, the leaving group X must be good. With the leaving groups bromide, chloride, and tosylate the insertion is quantitative despite the instability of the anions. N,N-diisopropylcarbamate is a worse leaving group, but the anion is more stable and again insertion is quantitative. Alkoxide and phenoxide leaving groups give poor conversions, and insertion fails with less nucleophilic anions. Heating 5 with various ketones followed by aqueous work-up gave the cis-alkene products 7, presumably via a cis-decalin type transition state 6. Insertion of aldehydes required BF3.Et20 to avoid preferential attack on the cyclopentadienyl rings, but then occurred in excellent yields to give the trans-alkene products Variation of the allyl component.9b Insertion of lithiated methallyl chloride into 1, followed by reaction with acetone, or benzaldehyde/BF3.E%0 gave the complementary stereodefined trisubstituted alkenes 10 and 11. The functionalised allyl components (2-trimethylsilylmethyl-and 2-chloromethyl-allyl chlorides) gave products containing nucleophilic (allyl silane) or electrophilic (allyl chloride) moieties. Insertion of lithiated 2-methoxymethoxy allyl chloride gave products containing a protected ketone (Scheme 3).
Insertion of 3-substituted allyl carbamates into 1 was successful but further elaboration gave complex mixtures of E / Z and elyrhro : threo isomers. 
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Variation of the electr~phile.~~ Aldehyde acetals in the presence of BF,.Et,O added to 5 in high yield (Scheme 4). Aryl, vinyl, and alkyl substituents were successful, although several equivalents of the reagent were needed in the last case. At a higher oxidation level triethylorthoformate added slowly to give a protected aldehyde moiety. All attempts to insert ketals failed. Iminium salts, generated in siru from the complex by reaction between in situ generated -A-= CH29 CH2CH21 NCH2Ph zirconocene ethylene and 2-butyne followed by addition of lithium chloromethallylide and 3-methyl-but-2-enal gave the stereodefined, yield illustrating the highly convergent nature 
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I 21 R = MOM, 40% 17 R = H, 58% 16 42% Scheme 6 intramolecular Nozaki -Hiyama reaction afforded macrocycle 16 in good yield as a single diastereomer.
Hydroalumination -iodination of the alkyne followed by reaction with lithium dimethylcupprate gave the desired dolabellane model 17. Although successful the inclusion of two C-1 fragments in the synthesis is inelegant, and the acetal hydrolysis problematic so an alternative route was sought. Lewis acid catalysed reaction of methallyl zirconocene complex 13 with aldehyde 18 followed by iodinolytic work-up and reaction with sodium benzenesulphinate gave compound 16, containing all the carbons required for 21. A simple protection -deprotection sequence and conversion of the allylic alcohol to an allylic iodide gave the macrocyclisation precursor 20. Slow addition of LiHMDS to a dilute solution of 18 followed by desulphonylation gave the required dolabellane model 21 in 5 steps, and 20% overall yield.
Consecutive insertion of allenyl or propargyl carbenoids and electrophile~.~~ Further elaboration of zirconacycles resulting from insertion of 1 -1ithio-3-chloro-1 -alkynes (allenyl carbenoid) (Scheme 2) proved complex. Whereas reaction of 3 with PhCHO/BF,.E$O gave the expected acetylene 22 (Scheme 7), with alkyl aldehydes, or when 1,l-dimethylpropargyl chloride was used as the carbenoid precursor the cyclised product 23 was also formed. Unsaturated zirconacycles also gave the analogous cyclised product 25 together with allenes 24. Insertion of 1 -1ithio-1 -chloro-2-alkynes (propargyl carbenoid) into various zirconacycles was efficient, and the resulting zirconacycles reacted cleanly with aldehydes to give alkyne products 269g.
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Ring expansion of zirconacyclopentanes to zirconacy~lohexanes.~~ With the methods we and others have developed to elaborate zirconacyclopentanes and pentenes it would be useful to be able to apply them also to zirconacyclohexanes. Treatment of 1 with a variety of metal carbenoids indeed provided the ring expanded products 27-29, although the parent system (A = H) was not formed cleanly. Further elaboration of these remains to be investigated. The insertion of a variety of benzyl chlorides (aromatic and heteroaromatic) gave initially a mixture gave a single of diastereomers, isomer 30. 
Conclusion.
We have discovered a variety of efficient tandem processes for elaborating organic fragments on a zirconocene template. Routes to zirconacyclohexanes which can be further elaborated by these, and other methods have also been developed.
